Cardiovascular disease (CVD) including ischaemic heart disease and cerebrovascular disease is among the leading causes of mortality worldwide, 1 and in Ireland, coronary heart disease death rates are among the highest in Europe.
Why was the cohort set up?
Cardiovascular disease (CVD) including ischaemic heart disease and cerebrovascular disease is among the leading causes of mortality worldwide, 1 and in Ireland, coronary heart disease death rates are among the highest in Europe. 2 Although it has previously been reported that only 50% of CVD can be attributed to traditional risk factors, 3, 4 it is now recognized that these factors occur much more frequently in people with CVD, 5, 6 with most of the population attributable risk of myocardial infarction due to risk factors such as smoking, hypercholesterolaemia, diabetes mellitus, hypertension and obesity. 7 To date, much of the focus in CVD prevention has been on determining the individual contribution of risk factors to the development of CVD and targeting individual risk factors. 8 However, it is increasingly recognized that it is the effect of these risk factors in combination and the consequent potential for prevention in terms of lifestyle changes that address these factors simultaneously that should be prioritized. [9] [10] [11] The original Cork and Kerry Diabetes and Heart Disease Study-Phase I, which was undertaken in 1998, was at that time, one of the first large population-based observational studies in Ireland. 12 The primary aim of the study was to estimate the prevalence of major CVD risk factors in a middle-aged population in Ireland and to estimate the proportion of the population at high risk according to Framingham criteria. The study included measurement of diet and physical activity and assessed the impact of these lifestyle factors on traditional CVD risk factors including hypertension and dyslipidaemia. [13] [14] [15] Phase II of the Cork and Kerry Diabetes and Heart Disease Study began in 2008, with support from the Health Research Board Centre for Health and Diet Research. 16 The centre provided funding for longterm follow-up of the original Cork and Kerry cohort, including assessment of vital status and a rescreen of surviving cohort members as well as recruitment of a new cohort, the Mitchelstown cohort. Although the original cohort was recruited from across 17 different general practices in Cork and Kerry, the new cohort was recruited from a single large primary care centre, the Livinghealth Clinic in Mitchelstown, county Cork ( Figure 1 ). The aim of the Cork and Kerry Study-Phase II (Mitchelstown cohort recruited 2010-11) is to provide an updated profile of glucose tolerance status, cardiovascular health and their related factors in an Irish adult general population sample and to compare the findings with those obtained during baseline assessment of Phase I of the Cork and Kerry study (1998) and the rescreen (2008). Additional objectives include determining the prevalence of proximal risk factors, such as hypertension, dyslipidaemia, body mass index (BMI) and insulin resistance as well as of more distal risk factors of diet, smoking, alcohol consumption and physical activity, and the association between cardiovascular health and its risk factors with general measures of well-being and mental health. The new cohort includes collection of qualitative and quantitative data in an effort not only to describe the current health status of the cohort and assess individual level determinants but also to provide the appropriate context to interpret the role of behavioural factors and social circumstances on health.
Who is in the cohort?
The 1998 cohort were recruited from the practice lists of 17 (6 urban and 11 rural) general practices in Cork and Kerry in the south of Ireland. Stratified random sampling by age and sex was utilized to recruit equal numbers of men and women aged between 50 to 69 years. Individuals with pre-existing CVD or diabetes were not excluded. Selected individuals were invited by letter, co-signed by their participating general practitioner (GP), explaining the aims of the study, and it was accompanied by a reply slip and detailed questionnaire. Non-responders were followed up with a phone call where possible and otherwise with a single postal reminder. A total of 1018 people aged 50-69 years attended for a study visit from 1473 who were invited to attend (response rate 69%). The socio-demographic characteristics of the participants and the background population are provided in Table 1 . In 2011, recruitment was completed on a new cohort of 2047 men and women aged 50-69 years from patients attending a single large primary care centre, the Livinghealth Clinic in Mitchelstown, a town with a population of 43000 in county Cork. The Livinghealth Clinic includes eight GPs, and the practice serves a catchment area of 20 000, with a mix of urban and rural residents. Participants were randomly selected from all registered attending patients in the 50-69-year age group. In total, 3807 potential participants were selected from the practice list, and after exclusion of duplicates, deaths and ineligibles, 3051 were invited to participate in the study. A letter signed by the contact GP in the practice was sent out to all selected participants with a reply slip indicating acceptance or refusal. Reminder letters were sent out by post after 4 weeks to initial nonresponders. A telephone number was provided for potential participants to make contact with the research team or to ask questions. Of the 3051 individuals invited to participate, 2047 completed the questionnaire and physical examination components of the baseline assessment (response rate: 67%). The socio-demographic characteristics of the Mitchelstown participants and the background population are provided in Table 2 . Ambulatory blood pressure (BP) monitoring was offered to all 2047 participants, and it was completed by 1189 (response rate: 58%). The questionnaire component of the study included the International Physical Activity Questionnaire, which was completed by all participants. Objective measurement of physical activity with the GeneActiv accelerometer was introduced in the later stages of the first How often will they be followed up?
The Cork and Kerry Phase 1 study was originally designed as a cross-sectional survey, but in 2008, additional funding was obtained to recontact survey participants and undertake a 10-year rescreen. As the study was not designed as a cohort study, contact had not been maintained with participants during the decade between the first survey and the rescreen. Before making contact with the individual participants, contact was made with the GPs to check whether the participants were still alive, and to ascertain whether the rescreening examination was appropriate. Allowing for mortality rate of 12% (n ¼ 121), 16% (n ¼ 166) loss to follow-up (not currently with GP, moved from area) and a further 4% (n ¼ 41) classified as too unwell to participate, an available sample of 690 subjects were invited to participate in the rescreen. After follow-up with and review of vital status and causes of death through linkage with the National Cancer Registry, the rescreen response rate was 52%. Non-responders for the follow-up were slightly older than the responders (aged 60.1 vs 58.4 years), more likely to be retired (30% vs 17%) and less likely to be married (71% vs 80%, P40.02).
The rescreen included similar measurements as the initial survey with additional questions on job characteristics. Ongoing checks of vital status and causes of death will be undertaken through linkage with the National Cancer Registry.
Baseline assessment of the Mitchelstown cohort was undertaken for 1 year in 2010-11. The second wave of data collection is planned for 2014, and will include repeat measures of CVD risk factors including diet and physical activity and additional measurements, such as weighed food diaries, genetic profiles, metabolomics and assessment of subclinical vascular disease using non-invasive imaging. As the cohort is embedded in a single large primary care centre with electronic patient records, the electronic records of all members of the cohort have been flagged to facilitate ease of contact and follow-up. Therefore, in addition to the measures that were undertaken at baseline and that will be part of the rescreen and future waves of the study, it will be possible to access measurements undertaken at routine GP or nurse visits. These data will provide ongoing passive follow-up of participants between waves of active data collection. An annual screen of the practice electronic records will extract updated information on vital status, number of GP visits, new diagnoses, specialist referrals and medications.
Although data linkage has been recognized as an important tool for public health research, 17 in Ireland, we do not have a unique health identifier that can be used for research purposes. This makes linkage with other records, such as disease registries or death records, problematic. The Irish Health Information and Quality Authority has recommended that unique identifiers for health care professionals and organizations be introduced, and this will be addressed in a health information bill, but it is at present unclear when a health identifier will be in use. 18 For the follow-up of the Cork and Kerry Phase I study, record linkage was undertaken in collaboration with the National Cancer Registry, Ireland, 19 to determine cancer incidence, cancer mortality rate and cause-specific mortality rate for the cohort. As the Mitchelstown cohort was recruited from a single large group practice, this will facilitate long-term follow-up even in the absence of a unique identifier.
What has been measured?
All phases of the Cork and Kerry Heart Disease Study included a questionnaire component and physical examination, with collection of fasting blood samples and urine samples. All participants, were asked to fast from 12 midnight. Participants were invited to attend the general practice for sampling of blood between 8 and 10 A.M. (minimum of 8-h fast) and collection of urine samples. Analysis of blood samples included measurement of fasting glucose, lipoprotein profile, glycosylated haemoglobin, full blood count and biochemical profile. In addition, participants were asked to provide consent for long-term storage of blood. The questionnaire and physical examination measures for the baseline and follow-up surveys of Phase 1 and for baseline recruitment of Phase 2 (Mitchelstown cohort) are summarized in Tables 4 and 5 . Physical activity was measured in all participants in both phases of the study using questionnaires, and an objective measurement was obtained in a subsample of participants in the Mitchelstown cohort using the GeneActiv accelerometer. Approximately one-quarter of the cohort wore the GeneActiv accelerometer for a week. The GeneActiv can be used to estimate daily activity in metabolic equivalent of task (METs) and in combination with weight can be used to estimate daily kilocalorie (kcal) consumption. In addition, the GeneActiv provides information on the sleep-wake cycle, and this output will be used to assess the relationship between sleep patterns and health outcomes. The qualitative study around consumer response to food will be analysed using NVivo software (QSR International). 
What has been found?
The first phase of the Cork and Kerry Diabetes and Heart Disease Study reported on the prevalence of CVD risk factors in middle-aged men and women in Ireland and has provided estimates of the proportion of individuals at high risk of vascular events in a general practice setting. 12 The study has assessed the prevalence and lifestyle determinants of the metabolic syndrome, 14, 15 and it has demonstrated an association between six core protective factors (normal BMI, waist hip ratio (WHR) below the current threshold for central obesity, never smoking, light alcohol consumption, a prudent diet and regular physical activity) and the prevalence of hypertension and dyslipidaemia and glucose intolerance and insulin resistance. 13, 20 Cluster analysis identified three different dietary patterns (traditional Irish, alcohol and convenience foods and prudent), and it was found that prudent diet was associated with the lowest risk of insulin resistance. 21, 22 Current work on the stability of the dietary patterns using latent class analysis has found that stability of a healthy diet and transition to a healthy diet was significantly associated with higher education and better health outcomes compared with those who remained stable in an unhealthy dietary pattern group. The mortality rate at follow-up was 13%, and an article on cancer incidence, cancer death and cause-specific mortality rate is in preparation.
The Mitchelstown cohort provides updated estimates of the prevalence of CVD risk factors in middle-aged men and women in Ireland and the lifestyle determinants of such factors, allowing a more comprehensive assessment of the relationship between lifestyle factors and more proximal risk factors for CVD and diabetes. Table 6 summarizes the cardiovascular risk factor profile of the two populations over time. Analyses of the data are ongoing, but a number of clear patterns are emerging. There is a high prevalence of overweight and obesity, with only one-fifth of participants in the normal weight (BMI < 25 kg/ m 2 ) category. 23 Similarly, a high proportion of respondents had evidence of glucose intolerance, with 9% meeting the criteria for diabetes and another 18% having pre-diabetes. 23 The potential impact of using ambulatory BP monitors to measure BP is evidenced by the findings of a large discordance in hypertension categorization based on clinic vs ambulatory BP recordings. Approximately 50% of individuals who were classified as hypertensive based on clinic BP readings were recategorized as normotensive. 24 Strong inverse relationships were found between dietary quality and clinic and ambulatory BP. Data from the original Cork and Kerry Diabetes and Heart Disease cohort were used to explore trends in cardiovascular mortality rate in Ireland, 25 and this work will be updated with the findings of the Mitchelstown cohort.
What are the main strengths and weaknesses of the study?
One of the main strengths of the study is a focus on the lifestyle determinants of health and disease, with measurement of physical activity and diet in all phases of the study. Detailed dietary information is provided by a modified version of the Willett Food Frequency Questionnaire. 26 In addition to the quantification of different dietary intakes using the Wilett Food Frequency Questionnaire, the decisions around food choices and the factors that may impact on these choices were assessed in a subsample of participants as part of a qualitative study. 27 Physical activity was measured by self-report using a standardized physical activity questionnaire for Phases 1 (baseline and follow-up) and 2 of the study. In Phase 2 of the study, in addition to the self-report measure of physical activity (International Physical Activity Questionnaire), which may be subject to significant reporting bias, 28 objective physical activity was measured using the GeneActiv accelerometer. To the best of our knowledge, the Mitchelstown cohort is one of the first general population-based cohort studies internationally to include an accelerometer-based objective measure of physical activity and may be the first cohort study worldwide to include ambulatory BP monitoring and accelerometery. Major potential limitations of any cohort study are biases because of initial non-response or attrition over time. Both cohorts were recruited from general practice, and the characteristics of the study participants compared with the source population according to census data are provided in Tables 1 and 2 . The original Cork and Kerry study was designed as a cross-sectional survey, and there was no contact between participants and the study team until a postal questionnaire was sent to the participants in 2007, followed by the rescreen in 2008. Although recontact was made through the GPs, the level of response was low and raises the problem of attrition bias. Table 3 provides detailed information on the differences in baseline characteristics of the study population according to follow-up status after 10 years. Responders had better self-rated health, and they were more likely to be physically active and make healthy dietary choices. As the Mitchelstown cohort is embedded in a population registered with a single large group general practice, a major strength of the study is that data collected routinely in primary care can be combined with the information obtained during formal waves of data collection. At the baseline study visit, information on the most recent GP or nurse visit BP recording was included in the patient file along with the BP measured during the study visit. These BP measurements provide an assessment of visit to visit BP variability. Further interrogation of the effect of time of measurement on BP is the inclusion of ambulatory BP monitoring. All participants were invited to wear a 24-h ambulatory BP device, and with a response rate to this component of the study of 58%, we have a measure of BP variability for a much shorter period for a large subset of the cohort.
Although much of the focus of the study is on the quantification of health and disease states, the study does benefit from a qualitative component that complements the information collected in the quantitative survey and physical examination. A subset of participants completed a study on food choices through the lifecourse and the impact of different health states on these choices. 27 This combination of qualitative and quantitative methods will facilitate a more comprehensive assessment of the diet and lifestyle determinants of health and disease in the population. Although the Mitchelstown cohort is relatively large compared with other Irish studies, it is a small study on an international scale. The study has been developed in collaboration with national and international partners, and this will facilitate the combined analysis of data from other sources including the earlier Cork and Kerry Phase I study, 12 the Irish Longitudinal Study on Ageing 29 and the Survey of Lifestyle, Attitudes and Nutrition. 30 Can I get hold of the data? Where can I find out more?
All collected source data are maintained and stored at the study research office, in the Department of Epidemiology and Public Health, University College Cork. Specific proposals for future collaboration would be welcomed. Further information can be found on the research centre website, http://www. ucc.ie/en/hrbc/projects/cluster3/ or through email to patricia.kearney@ucc.ie. Conflict of interest: None declared. IPAQ, International physical activity questionnaire.
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